Shoot architecture is shaped upon the organogenic activity of the shoot apical meristem (SAM). Such an activity relies on the balance between the maintenance of a population of undifferentiated cells in the centre of the SAM and the recruitment of organ founder cells at the periphery. A novel mutation in Arabidopsis thaliana, distorted architecture1 (dar1), is characterised by disturbed phyllotaxy of the inflorescence and consumption of the apical meristem late in development. SEM and light microscopy analyses of the dar1 SAM reveal an abnormal partitioning of meristematic domains, and mutations known to affect the SAM structure and function were found to interact with dar1. Moreover, the mutant shows an alteration of the root apical meristem (RAM) structure. Those observations support the hypothesis that DAR1 has a role in meristem maintenance and it is required for the normal development of Arabidopsis inflorescence during plant life.
Introduction
A suitable aerial architecture helps the plant, a sessile organism, to successfully fit in the environment where the seed germination occurred. In this context, the shoot apical meristem (SAM) and the root apical meristem (RAM) play a central role as the main developmental centres that regulate the shape of the overall plant structure. Beyond the minor contribution of embryogenesis to the adult morphology (Jü rgens et al., 1995) , aboveground plant organs arise from the flanks of the SAM in a regular geometric fashion (phyllotaxy) (Carpenter et al., 1995; Schwabe, 1984) . Already at early stages, primordia are committed to develop into leaves and axillary shoots during the vegetative phase and flowers and floral organs during the reproductive phase.
Arabidopsis thaliana is a facultative long day (LD) plant, having a short vegetative growth and an extended reproductive development under inductive conditions (Koornneef et al., 1998) . Both the production of leaves and, upon induction, the continuous florigenous activity depend on the structure and function of the SAM. Within the meristem, a core region, the central zone (CZ), is kept undifferentiated and is able to divide to replenish the peripheral zone (PZ) of the SAM, where the cells are recruited to form primordia. At the same time, the proliferation in the CZ acts to maintain the size of the stem cell population (Lyndon and Francis, 1992; Steeves and Sussex, 1989) . The progression from the vegetative to the reproductive phase is associated with substantial rearrangements of the meristem structure at different levels: first, an increase in mitotic rate brings the flat vegetative SAM to rise to the dome-shaped structure of the inflorescence SAM (Miksche and Brown, 1965; Vaughn, 1955; Vaughn and Jones, 1953) ; and second, a shift in primordium identity reflects the change in developmental competence (Kobayashi et al., 1999; Mandel and Yanofsky, 1995; Okamuro et al., 1996; Weigel, 1995; Weigel et al., 1992) .
Despite the modifications the SAM undergoes during plant life, the pattern of cell division characteristic of each domain needs to be maintained to preserve the zonation intact (Clark et al., 1997; Hudson and Goodrich, 1997; Meyerowitz, 1997) . How is this achieved? Several mutations affecting SAM organisation have recently been isolated in Arabidopsis, and a number of genes regulating meristematic functions can now be exploited to address this question (Barton, 1998; Hake et al., 1995; Lenhard and Laux, 1999) . WUSCHEL (WUS) and SHOOTMER-ISTEM LESS (STM) are active throughout plant development to control the dimension of the stem cell population in the CZ. WUS is expressed in a group of cells underneath the CZ, the "organising centre," from which a signal is emitted in order to confer stem cell fate to the overlying region (Mayer et al., 1998; Schoof et al., 2000) , while STM is required to prevent incorporation of cells into organ primordia (Barton, 1998; Endrizzi et al., 1996; Long et al., 1996) .
From the CZ, the cells progress into the PZ, where they are committed to be incorporated into a new primordium. An early step of the transition is regulated by the three CLAVATA gene products (CLV1, CLV2, and CLV3) (Brand et al., 2000; Clark et al., 1993 Clark et al., , 1996 Clark et al., , 1997 Fletcher et al., 1999; Kayes and Clark, 1998; Laufs et al., 1998b; Stone et al., 1998) . CLV1 is a receptor kinase (Clark et al., 1997) that is stabilised by CLV2 (Jeong et al., 1999) and activated by CLV3 (Fletcher et al., 1999; Trotochaud et al., 1999 Trotochaud et al., , 2000 to trigger the signalling cascade that promotes the exit of cells from the CZ. Recently, a regulatory loop between the CLV genes and WUS has been described (Brand et al., 2000; Schoof et al., 2000) : the CLV3/CLV1 signalling pathway confines the domain of WUS activity to the organising centre and releases the stem cell daughters from the undifferentiated state that WUS is promoting in the above layers.
Further on, the MGOUN (MGO1 and MGO2) genes (Laufs et al., 1998a) were proposed to carry on a later step in cell fate determination, which is to enrol founder cells for the organs to be produced (Brand et al., 2000) . Morphometric analyses on clv3 and mgo2 mutants (Laufs et al., 1998b) revealed that the SAM is enlarged by expansion of the CZ and the PZ, respectively, confirming that CLV and MGO genes control primordium initiation at different stages.
The FASCIATA genes (FAS1 and FAS2) (Kaya et al., 2001; Leyser and Furner, 1992) represent additional functions involved in organ production since genetic analyses showed that they are involved in the same process as the MGO genes (Laufs et al., 1998a) . FAS1 and FAS2 genes are homologs of the yeast genes coding for the p150 and p60 subunits of the Chromatin Assembly Factor-1 (CAF-1) and are thought to be required for maintaining the cellular and functional organisation of both SAM and RAM (Kaya et al., 2001) .
The characterisation of the above-mentioned gene functions points to the SAM as a complex structure, which is able to maintain a stem cell population at the CZ while promoting cell fate determination at the PZ. The coexistence of these two opposite aspects of meristem economy relies on the presence of mechanisms of control between and within the domains where different processes occur. It is therefore conceivable that specific meristematic functions with different domains of influence become integrated in a regulatory network to preserve SAM functional and structural integrity during the plant life.
Additional mutants therefore need to be isolated in order to investigate the existence of cross-talking points among the different pathways active at different levels of meristem development. Good candidates would conceivably be mutants showing pleiotropic effects, since more than one pathway is likely to be affected (Clark, 2001) . A novel mutant in A. thaliana, distorted architecture1 (dar1), offers an attractive tool to analyse the phenomenon of meristem development. Among dar1 pleiotropic traits, the mutant plant exhibits irregular architecture with termination of the inflorescence. Moreover, dar1 was found capable of genetic interaction with known mutants like wuschel and mgoun. Taken together, those features stand out to suggest a role for DAR1 in meristem function, as it will be presented in this paper.
Materials and methods

Plant growth conditions and mutant strains
The fast neutron mutagenised seeds were bought from Lehle Seeds (USA), and the plants were grown as in Sundås-Larsson et al. (1998) .
clv1-1, clv 3-2, fas1-1, fas2-1, and pin1-1 seeds were obtained from the Ohio Stock Centre (USA). stm1-1 seeds were a kind gift from K. Barton, as well as wus-1 seeds from T. ], mgo1-1 (Wassilewskaya ecotype), and mgo2 seeds were generously supplied by J. Traas.
Mutant isolation
dar1 plants were isolated in a greenhouse screen and the mutation appeared among 17000 F2 plants from fast neutron mutagenised seeds (A. thaliana, Columbia ecotype), and the mutant plant was backcrossed three times to Col wild type plants.
Mapping
The mapping work was carried out by using CAPS (Konieczny and Ausubel, 1993) and SSLP (Bell and Ecker, 1994) markers. A population of 400 dar1 homozygous plants selected among the F 2 or F 3 individuals from a dar1 (Colombia ecotype) ϫ Landsberg erecta cross was scored by PCR based on protocols and oligonuctleotide sequences available (http://genome-www.stanford.edu/Arabidopsis/ aboutcaps.html). New markers were found by using the TAIR's SNP Table ( http://www.arabidopsis.org/SNPs.html).
Allelism test was performed by crossing dar1 plants to stm-1, mgo2, pin1-1, and fas1-1 (all mapped to chromosome 1).
Double mutant combinations
dar1 plants were crossed to different mutants, and the F 2 populations were analysed for new phenotypes, recording the frequency of both parental and new phenotypes (if any) to study the segregation ratio. In some cases, the presence of mutant alleles could be assessed by genotyping. For the dar1wus-1 combination, several F 2 populations were scored by using wus-1-specific primers (Thomas Laux, personal communication). dar1clv3-2 double mutant showed an intermediate phenotype that could be identified in the F 2 by the combination of dar1 pale colour and clv3-2 inflorescence. The dar1fas2-1 double mutant was isolated by scoring the presence of the fas2-1 allele from genomic DNA of plants displaying dar1 phenotype and subsequent analysis of their progeny. The PCR primers were designed thanks to the information on fas2-1 provided by Takashi Araki (personal communication). The mgo1-1 mutant failed to complement dar1 in the F 1 , and a phenotype was easily identified. The double heterozygote was then crossed to dar1 to obtain a dar1/mgo1-1/ϩ plant, and the progeny were scored with the attempt to identify the double mutant. 
Histological analyses
Light microscopy was performed on samples fixed in FAA (3.7% formaldehyde, 5% acetic acid, 50% ethanol) for 24 h, and they were dehydrated through an ethanol series with an eosin step (0.1% in 95% ethanol). The specimens were then embedded in HistoResin and sectioned by using a LKB Ultratome I microtome. The sections (2 m) were stained with toluidine blue before analysing them under a Leica XR microscope.
The images were adjusted with Adobe Photoshop 5.0.
Scanning electron microscopy
For SEM, the samples were prepared and analysed as previously described in Sundås-Larsson et al. (1998) . The contrast of micrographs was refined with Adobe Photoshop 5.0.
Results
Isolation of the pleiotropic mutant dar1 and mapping of the locus
The dar1 phenotype was isolated in a greenhouse screen for Arabidopsis mutants showing developmental defects. A segregation ratio of 3:1 in the F 2 population after three backcrosses to wild type indicates that the dar1 phenotype is caused by a recessive mutation in a single nuclear gene. Compared with Col, wild type dar1 plants were short in size and showed disturbed phyllotaxy of the inflorescence (Fig. 1C and D) . Moreover, dar1 plants displayed reduced apical dominance (Fig. 1B) , irregular leaf morphology (Fig. 1C) , termination ( Fig. 1G and H), and were chlorotic. The dar1 primary root was shorter than the wild type and the production of lateral roots was severely reduced (data not shown).
The DAR1 locus was mapped by using CAPS and SSLP markers distributed over the Arabidopsis genome. The chromosome position of the locus was assigned to the bottom arm of chromosome 1, and the area was circumscribed to a region defined by the SGCSNP69 and nF19K23 markers that are positioned 1.25 and 2.25 cM, respectively, from the dar1 locus.
dar1 affects multiple aspects of the plant phenotype throughout development
Under our growth conditions, a small fraction of the dar1 seeds failed to germinate, suggesting a possible role for DAR1 in embryo development. This is also supported by the observation that 1.5% of the mutant plants displayed three cotyledons. In addition, mutant seeds and embryos were larger than Col wild type ones (Fig. 1I) . Under LD conditions, germination occurred after 3 days on soil, and the wild type produces the first true leaves at day 6 -7, while at this early stage of development, dar1 plants showed a slightly delayed primordium initiation rate. The mutant meristem produces a rosette of pale and abnormal leaves (Fig. 1C) that are significantly lower in number than wild type (6 rosette leaves for dar1 and 10 for the wild type); in spite of that, the mutant and the wild type were found to flower approximately at the same time. These observations suggest that the dar1 mutation disturbed vegetative development affecting the rate of primordium initiation as well as the size and the shape of the rosette. Upon transition from vegetative to reproductive phase, the effect of the mutation became more dramatic. Several cauline leaves and flower(s) were initiated from the first node of dar1 plants (Fig. 1C) , and further on, the architecture of the mutant inflorescence showed a disordered phyllotactic array that resulted in clusters of variable number of flowers along the inflorescence (Fig.  1D ). dar1 inflorescence would eventually terminate after the production of 10 -12 flowers. Distorted phyllotaxy and termination were observed in the development of axillary meristems as well as in the main inflorescence.
dar1 flowers showed alteration in petal and stamen morphology. Mutant petals were narrower than wild type organs ( Fig. 1F ) and dar1 stamen structure appeared distorted as a result of an abnormal development of both anthers and filaments (data not shown). dar1 stamen filaments were shorter than wild type and, in most cases, they were not able to reach the stigmatic papilla at the top of the pistil and/or they carry a bent, underdeveloped anther with reduced pollen production. These morphological defects together with the low number of flowers produced before the termination were responsible for the modest seed yield of dar1 plants. Interestingly, no statistically significant alteration in floral organ number was observed (data not shown) in spite of a recurrent early partition of floral meristem into five sepal primordia that was noticed during SEM analyses (data not shown). Both sepals and carpels showed normal development with the exception of the last flower, which had a carpelloid appearance ( Fig. 1G and H) .
The Arabidopsis root is arranged as a cylinder of vascular tissue in the middle surrounded by four concentric layers: the perycicle, the endodermis, the cortex, and the epidermis. The initials of all the layers originate from the root apical meristem (RAM) at the distal part of the structure where the quiescent centre (QC) acts to maintain the initials in an undifferentiated state in order to support the growth of the tip. Above the RAM, the initial daughter cells undergo expansion (elongation zone) and, later on, differentiation (maturation zone) to build a regular arrangement of cell files within the root body (Benfey and Scheres, 2000) . dar1 primary roots were shorter than those of the wild type mainly due to a reduction in size of the elongation zone ( Fig. 2A and B) . The meristematic region was also reduced compared with the wild type, and the initials were not recognisably positioned around the QC. As a result, the cell files as well as the columella cells appeared disorganised, and extra layers caused the structure to be asymmetric ( Fig. 2C and D) . The cell size was also abnormal (in general larger), and vacuoles appeared very early along the root.
dar1 affects SAM morphology
The very early wild type SAM appears as a flat area of small cells that begins to rise to a dome shape from the fourth day after germination. In longitudinal sections, the convex structure shows a clear organisation in cell layers, which will be maintained through plant development (Fig. 3A and D) . The vegetative SAM of dar1 plants exhibited a variation in size and shape; dome-like as well as enlarged and flat meristems could be found (Fig. 3B , C, E, and F). In all of the samples analysed, some of the cells were bigger in size and cell layers were less welldefined than in the wild type SAM (Fig. 3E and F) . Moreover, vacuolation was observed in the meristematic region corresponding to the CZ (Fig. 3E) . The amount of vascular tissue appeared increased in hypocotyl and petiole of dar1 seedlings (Fig. 3B and C) because of the presence of bigger and vacuolated cells within the files of conducting elements.
After the transition to reproductive phase, dar1 meristem has undergone dramatic morphological changes, and an abnormal structure was observed where the regular dome of the wild type meristem is usually found (Fig. 3G-I) . The alteration was evident in longitudinal sections of the mutant SAM at this stage (Fig. 3K and L) : the dar1 apical structure was characterised by a profile, which suggested an event of abnormal partition within the shoot apical meristem. The apex appeared to be fragmented in distinct domes without any specific morphological trait to allow discrimination between primordia and the SAM. Moreover, the overall apical structure of dar1 plants showed various degrees of fasciation ( Fig.  3H and I) .
We decided to further analyse the inflorescence SAM in order to find possible morphological alterations that might precede the termination of the mutant inflorescence.
Beyond the switch from vegetative to reproductive phase, wild type inflorescence develops with the same spiral pattern of primordium production until the plant undergoes senescence. The mutant inflorescence development resulted in an apical structure with an exposed meristem (Fig. 4) lacking the typical scale of surrounding flower primordia at different and temporally consequent stages (Smyth et al., 1990) . dar1 SAM terminated in a cluster of two to three flowers long before the wild type SAM would undergo senescence, a trait that we interpreted as due to a distorted behaviour of the inflorescence SAM. We chose the number of open flowers as criterion for the time point of dar1 inflorescence development. SEM analyses of the apex after one to two and three to four open flowers did not differ and showed a bi-or tri-lobed structure of emerging primordia. The lobes were of different size but none of them could be pointed out as SAM or floral meristem since the partition into primordia had not occurred in the majority of the sample (Fig. 5) .
Double mutants
Several aspects of the dar1 phenotype suggest a role of DAR1 in the context of meristem function. To assess which regulatory pathway DAR1 is a part of, double mutant combinations of dar1 and other mutants showing disruption in meristem organisation or maintenance were constructed.
The clv3-2 mutation causes fasciation of the SAM with a continuous and consistent enlargement of the CZ, distorted phyllotaxy, and abnormal floral organ number (Fletcher et al., 1999; Laufs et al., 1998b) . dar1clv3-2 double homozygotes retained some typical dar1 features, such as the pale green colour and the cluster of cauline leaves, but showed a more severe phenotype for some other aspects, like an increased frequency of tricot plants (8.9%). Moreover, in the offspring of the double homozygotes, new traits were seen: monocot plants, high frequency of displaced cotyledon, and retardation in primordium initiation and/or elongation (the first true leaf emerges alone, followed by a second one some days later) (data not shown). The dar1clv3-2 SAM (Fig. 6C ) is enlarged and resembles clv3-2 SAM (Fig. 6B) , regarding the shape and the high number of surrounding primordia, but both traits are restrained in the double mutant plants (Fig. 6C) . Our interpretation is that there is no direct interaction between DAR1 and CLV3 gene function, but we cannot exclude the possibility that DAR1 and CLV3 are active in parallel pathways during the vegetative phase of the SAM.
The combination of the dar1 and fas2-1 (Leyser and Furner, 1992 ) mutations resulted in a plant with a very small rosette of narrow and abnormal leaves. fas2-1 is a mutant showing defects in meristem structure and primordium initiation (Fig. 6E) , and SEM analyses of dar1fas2-1 double mutant revealed a broad and elongated SAM surrounded by finger-like structures (Fig. 6F) . Enlarged SAM and primordia developing into finger-like structures are traits that were occasionally observed in the fas2-1 single mutant, but those features were greatly enhanced in the double mutant. The finding suggested that DAR1 and FAS2 are involved in the same developmental process that regulates meristem organisation in relation to primordium initiation. dar1 plants were also crossed to wus-1, since this mutation affects SAM function and causes premature termination of the apex after the formation of a few primordia Mayer et al., 1998) (Fig. 7) . The double mutant showed a wus-like phenotype with a bushy rosette and dar1 colour. The dar1wus-1 plants did not bolt with a few exceptions. The plants that did bolt were 6 months old, but they didn't produce any flower (Fig. 7C) . It has been previously reported that wus-1 plants undergo the transition from the vegetative to the reproductive phase after 8 weeks . Primordia will eventually appear in the middle of a flat apex and give rise to an inflorescence bearing a cluster of several cauline leaves at each node and flowers lacking inner organs (Fig. 7B) . We interpreted the absence of an inflorescence bearing floral structures as an enhancement of wus-1 phenotype in dar1wus1-1 plants.
mgo1-1 was crossed to dar1 because of its involvement in primordia initiation (Laufs et al., 1998a) (Fig.  7D-F) . dar1/ϩ; mgo1-1/ϩ showed an evident phenotype displaying a cluster of leaves on a stem wider than in the wild type and distorted phyllotaxy (Fig. 7E and F) . Wild type plants segregating in the F 2 population proved that the genes were not alleles in agreement with the mapping results. However, double mutant candidates could not be scored and the double heterozygote was then crossed to dar1. In the progeny of the cross, it was impossible to identify a distinctive phenotype other then the wild type and the parental ones: one-fourth of the plants were wild type, one-fourth were F 1 -like, and the other one-half dar1-like. Since we expected one-fourth of the progeny to be dar1;mgo1-1/ϩ, we concluded that such plants must have a dar1-like phenotype. For this reason, seeds were collected from all the dar1-like plants, and the next generation was scored in order to isolate the double mutant. Since a high number of seeds in the progeny of most of the families didn't germinate, we interpreted this result as a sign of lethality due to the combination of mgo1-1 and dar1 mutations. A confirmation of this result has to await the cloning of the MGO1 and DAR1 genes, allowing us to assess the genotype by using molecular markers.
Discussion
The A. thaliana SAM is initiated during embryogenesis (Long and Barton, 1998) and it develops as a selfregenerating system that supports the production of aerial organs during plant life. In this paper, we have described a novel pleiotropic mutant, dar1, which showed a distorted architecture of the inflorescence among other traits. On the ground of our morphological and genetic analyses, we could relate the abnormal development to the organisation of dar1 SAM. After germination, a small fraction of dar1 seedlings bore three cotyledons, an early sign of SAM malfunction (Christensen et al., 2000; Conway and Poethig, 1997) . Further on, a rosette of leaves is produced from the vegetative SAM before the transition to flowering, but the number of leaves is significantly reduced in dar1 plants when compared with Col wild type. In spite of that, flower buds were initiated in the mutant and wild type plants at a comparable number of days after germination. These data were interpreted as an indication of a defect in primordium initiation, which doesn't prevent the SAM from following the external signals and developmental cues to start flowering.
After the phase transition, however, the dar1 mutation had a more dramatic effect on SAM morphology and, later on, on the overall plant architecture. The abnormal appearance of the mutant inflorescence apex was associated with an alteration of the SAM integrity since dar1 floral primordia grow out from a SAM-like structure, which is often abnormally partitioned into lobes of uncertain identity without any sign of emerging floral buttresses. Altogether, the morphological observations on dar1 meristem development pointed to a distortion in SAM function already present at early stages of plant growth but highly enhanced at the onset of flowering, probably concomitant with the increase in mitotic rate.
In a dar1 population, the size of the vegetative SAM was found to be variable and an abnormal cellular and subcellular organisation was observed in all the meristematic structures analysed, suggesting that the dar1 mutation perturbed the pattern of cell differentiation and/or cell proliferation within different regions of the SAM.
At the transition to reproductive phase, dar1 inflorescence meristem released at first many primordia that matured as leaves and flowers, and we suggest that this event could further on alter meristem dimension as development proceeds, hampering the mechanism of primordia initiation and causing an aberrant arrangement of flowers on the stem. Interestingly, an irregular phyllotaxy has so far only been associated with meristem enlargement (Clark et al., 1993; Jackson and Hake, 1999; Leyser and Furner, 1992) . In some dar1 plants, the SAM didn't show an evident broadening although the stem appears slightly fasciated after the transition to the reproductive phase. That could indicate that dar1 mutation caused the disruption of a function involved in the establishment of the phyllotaxy and is therefore required in the region of the SAM where the initiation of a new primordium takes place. On the other hand, the effect of the mutation on the phyllotaxy could be indirect as a result of an initial SAM alteration, which perturbs the "morphogenetic fields" (Wardlaw, 1949) and affects the pattern of primordia initiation until termination occurs.
The SAM, however, is not the only meristematic structure affected by the dar1 mutation. Morphological observation of the dar1 root tip revealed an abnormal organisation of the structure of the RAM together with a reduction in size of the elongation zone above the RAM, indicating that DAR1 is required for the correct execution of the cell division pattern that results in an almost invariant organisation of the root apex.
As it has been previously demonstrated, the size of the elongation zone appears to be determined by meristematic cell division rate in the RAM and the duration of expansion (Beemster and Baskin, 1998; De Veylder et al., 2001 ). The morphological analyses on the dar1 root indeed suggested that the RAM activity likely is affected in a similar fashion as the SAM organization since it fails to correctly orchestrate cell division and/or differentia- tion in order to maintain the integrity of the structure and to support its growth.
The phenotypic characterisation of the dar1 mutant pointed to a defect in primordia initiation that is very likely to be the cause by the alteration of the SAM activity during inflorescence development. Genetic analyses have been performed, introducing the dar1 mutation in the backgrounds of mutants that are known to affect meristem organisation such as of clv3-2, mgo1-1, fas2-1, and wus-1.
The CLV genes play a critical role in determining meristem size by controlling the exit of cells from the CZ (Brand et al., 2000; Clark et al., 1993 Clark et al., , 1996 Clark et al., , 1997 Fletcher et al., 1999; Kayes and Clark, 1998; Laufs et al., 1998b; Stone et al., 1998) . Combining clv3-2 and dar1, an intermediate phenotype was obtained. The two gene functions therefore seemed to be required at different levels of meristem development. The characterisation of mutants in the MGO1 and MGO2 loci revealed a different type of fasciation than clv mutants (Laufs et al., 1998a) . The finding suggested the existence of another regulatory step in primordium production at the boundary between the PZ and the next arising primordium (Lenhard and Laux, 1999) . Based on the results of the combination of dar1 and mgo1-1 mutations, we hypothesize a very close interaction between DAR1 and MGO1, and it is therefore conceivable that DAR1 is required at the same stage of primordium initiation as the MGO genes. However, more conclusive data have to await the cloning of the genes. The result of the cross between dar1 and fas2-1 supports the assumption that DAR1 and MGO1 are active in the same pathway. As the mgo mutants, fas1 and fas2 cause a defect in primordium initiation and meristem size (Kaya et al., 2001; Leyser and Furner, 1992) , and FAS1 and FAS2 seem to be required in mgo1 background for organ production (Laufs et al., 1998a) . dar1fas2-1 double homozygote resembled the double mutant between mgo-1 and fas2-1 regarding the meristem enlargement and the presence of abnormal leaf primordia, although the plants were still capable of forming leaves and flowers. This indicates that DAR1 as well as the FAS and the MGO genes are involved in a process required for the coordination of events that specify cell fate at the stage of primordium initiation.
In wus-1, the cells in the CZ are no longer kept undifferentiated and are thus appointed by CLV genes to progress on the way of cell recruitment to form leaf primordia and, eventually, inflorescence axes and flowers (Brand et al., 2000) . The dar1wus-1 combination caused an extended growth of the rosette, and an inflorescence very seldom developed; further, no flowers could be observed. The double mutant phenotype was interpreted as an acceleration of the transition of the cells from the CZ to the primordium that leads to the consumption of the stem cell population. We suggest that DAR1 is involved in controlling some aspects of recruitment of the organ founder cells before the final commitment. Thus, the enhancement of wus-1 phenotype is conceivably a result of the disruption of two functions that are active at different levels of the same process of cell fate determination.
Taken together, the morphological and genetic analyses presented in this paper support our hypothesis that DAR1 is required for the correct execution of the developmental program that determines plant architecture. Most of the features of dar1 pleiotropic phenotype point to a meristematic defect, and dar1 SAM showed an altered behaviour throughout plant life. In the present work, we presented genetic data substantiating the involvement of DAR1 in meristem development and suggesting primordium initiation at the stage of cell recruitment as the possible issue. Moreover, the interaction between dar1 and wus-1 lead us to speculate that those gene products are involved in signalling between the centre and the flanks of the meristem in order to adjust the plastochron to the size of the stem population and vice versa. In addition, the finding that dar1 RAM appeared to be affected by the mutation in a similar way as it was described for the SAM let us propose that DAR1 is likely to be required for the maintenance of both the meristematic structures, therefore playing an essential role in a context of cell division and/or differentiation.
The cloning of DAR1 will eventually uncover new aspects of its meristematic role as another piece of the puzzle to understand SAM regulatory network.
